From the fourth week of life, 1200 ISA Vedetta chicks were fed with one of four feed mixtures with similar protein and energy contents, to which were added: 8.0% rape seeds (diet I), 4.0% lard (diet II), 5.5% by-product fat (diet III) or 3.5% sunflower oil (diet IV). The highest body weight achived broilers fed diets with lard (P^O.Ol); feed utilization per kg gain was the best in this group too.
INTRODUCTION
Fats used in the feeding of poultry are a source of energy and essential fatty acids, take part in the transport of lipophilic vitamins, make feeds less powdery and improve their flavour (Adamski and Gornowicz,1993; Villalbi et al., 1993; Niemiec et al., 1996) . Broiler feed mixtures contain animal or vegetable fats. The utilization of these fats depends on the age of the chickens, the composition of the feed, and on the quality and amount of added fat (Hulan et al., 1984) . Ketels et al. (1987) report that increasing the amount of beef fat in diets adversely affects feed utilization, and long-chain fatty acids from lard are utilized to a lesser extent than from soyabean oil.
The objective of this study was to examine if the supplementation of broiler chicken feed mixtures with high energy additives such as rape seeds, lard, by-product fat and sunflower oil, influences on broiler performance, quality and technological parameters of meat.
MATERIAL AND METHODS
The experiment was carried out on 1200 ISA Vedetta chickens divided into 4 groups. Up to the age of three weeks, all of the chickens were fed the same starter feed, from week 4 to 7, balanced grower mixtures that differed in the composition of high-energy components (Table 1): diet I: 8.0% rape seeds 00, diet II: 4.0% lard, diet III: 5.5 by-product fat (by-product of gelatin production), diet IV: 3.50% sunflower oil. The chickens were weighted at 3 and 7 weeks of age, feed intake and mortality were recorded. After completion of the experiment, the broilers were starved for 12 h, then 10 malels and 10 femals from each group were slaughtered and carcass analysis was carried out. Dressing percentage, and the content of breast and thigh muscles, edible giblets and abdominal fat pad in the carcass were determined.
Quality assessment was carried out on the breast and thigh muscles and abdominal fat pad of six chickens from each group. The basic chemical composition of breast and thigh meat was determined by conventional methods, pH according to standard procedure (PN-77/A82058), water holding capacity by the centrifuge method modified by Wierbicki et al. (1962) , thermal leakage following heat processing according to Barylko-Pikielna et al. (1973) , heme pigment content using the acidified acetone extraction method (Hornsey, 1956) .
The cholesterol content was determined according to Rutkowski and Krygier (1979) , using the method of extracting lipids and nonsaponifying substances with a chloroform-methanol mixture with the addition of cholestan as the internal standard.
Tissue and abdominal fat pad lipids were extracted with a mixture of chloroform and methanol, after extraction glycerides were saponified with a methanol solution of KOH and esterified in the presence of tionyl chloride. The fatty acid composition was analyzed by gas chromatography (HP 5890), the acid value, peroxide value, TBA index and melting temperature of fat were determined according to the method of Rutkowski and Krygier (1979) . Sensory analysis was carried out individually on boiled meat and bouillon. The meat test included: flavour, taste and consistency, bouillons were evaluated according to their clarity, flavour and taste. Every sample and characteristics was graded using a 5 degree scoring system (5 -the best).
The data on body weight and dressing percentage were subjected to variance analysis and the Duncan test. The data on meat quality were analyzed using the least squares model employing Harvey multifactorial analysis.
RESULTS AND DISCUSSION
The body weight of the chickens in the period preceding the experiment (i.e. up to 3 weeks) differed significantly (P^O.01) among groups (Table 2) . At 7 weeks, A, B, C -P<0.01 a highly significant difference in body weight depending on the fat added to the feed mixture was found (Niemiec et al., 1996) . The highest weight (P<0.01) was achieved in the group fed the diet with lard. Similarly in the studies of Farrell (1978) , chickens utilized feed containing animal fat better than that with vegetable oil, while did not find significant differences in the body weight of broilers fed diets supplemented with animal fat, soyabean oil, rape seed oil, linseed oil, or sunflower oil. Feed utilization did not differ significantly among groups (Table 2) . Chick mortality equaled 4.3 and 5.6% in the groups receiving sunflower oil and rape seeds, respectively, and 8.3 and 8.0%, in the groups fed mixtures containing lard and by-product fat, respectively.
The dressing percentage of broilers fed the sunflower oil-containing feed was the highest (71.4%), and differed significantly only from the dressing percentage in the group fed by-product fat (69.5%) ( Table 3 ). The percentage of abdominal fat pad was lower (P^O.01) in the carcasses of chickens fed the diet with rape seeds than in the remaining groups. The composition of the feed mixtures (Table 4 ) had no effect on the water and protein content of muscles. Similarly, did not find differences in the dry matter, protein, ether extract or ash contents of thigh and breast muscles of chickens fed mixtures containing soyabean, sunflower or linseed oil or lard as the source of energy. These authors reported that the amount of protein in the breast and thigh muscles was similar and averaged 24.8 and 24.2%, respectively. In contrast, our earlier studies have shown that breast muscle contains an average of 3.0% more crude protein than thigh muscle (Świerczewska et al. 1991; Smolińska et al., 1994) .
The percentage of fat in the breast muscle of chickens fed lard and by-product fat containing diets was the same (1.4%). A lower content of this fat (P<0.05) was found in the breast muscles of broilers fed diet containing sunflower oil and rape seeds (0.6 and 1.1%, respectively).
The physical and chemical properties of the meat (Table 5) , i.e. water holding capacity, thermal leakage, and pigment content depended (P<0.05) on the feed composition. The breast muscles of chickens fed the rape seeds-and sunflower oil-containing diets had significantly lower water holding capacity than the meat from the chickens in the two other groups. Thermal leakage from breast and thigh muscles of chickens fed the lard-containing diet was lower than in the remaining groups (1.4 to 1.5%). The addition of rape seeds to the feed caused a slight increase in the colour of breast meat in comparison with the other groups. This confirms the results of earlier studies by Swierczewska et al. (1991) . The pH of meat did not depend on the diet, but on the type of muscle: the pH was 0.7 units higher in thigh muscles and the water holding capacity was over twofold higher than in breast muscles. The lack of differences in pH among the broilers in the studied groups is probably attributable to the time lapse between slaughter and pH measurement. In this study, muscle pH was determined 24 h after slaughter. According to Gardzielewska (1993) , the pH is highest in the first minutes after slaughter, and declines with time, with the differences ranging from 7.05 (after 1 min) to 5.79 (after 30 min). The results of taste evaluation (Table 6 ) of chicken bouillon showed several point differences in clarity, taste and flavour, depending on the type of diet. The scores for all three evaluated parameters of bouillon prepared from the meat of chickens fed the lard-containing diet were significantly higher in comparison with the bouillon of meat from other groups. In terms of taste and flavour, the tested meat did not differ significantly. The consistency of meat from chickens fed the lard-, by-product fat-or sunflower oil-containing mixtures did not differ significantly. The addition of rape seeds caused a significant deterioration in meat consistency (P < 0.01). The amount of fat added to the feed was rather low, which can explain the lack of organoleptic differences in the taste tests. Gardzielewska et al. (1992) using 12% rape seeds or 18% rapeseed meal did not find any effect of these feeds on the desirable qualities of breast meat and broth aroma, but rape seed products negatively affected the taste of thigh meat. The cholesterol content (Table 7) in the breast muscles of chickens fed diets with various fats did not differ significantly, but a significantly lower content of cholesterol (P<0.05) was found in the thigh muscles of chickens given the sunflower oil-containing feed (72.5 mg/100 g tissue). The thigh muscles of chickens fed the diets supplemented with rape seeds and lard had the same cholesterol contents (79.3 and 79.4 mg cholesterol/100 g tissue). obtained different results: diets containing sunflower oil significantly raised the cholesterol content (82.07 mg/100 g tissue) in comparison with animal fat, soyabean, rape seed or linseed oil. Hood (1991) found a higher cholesterol level in meat of quails fed beef tallow-supplemented diets, and a lower level in the quails feed sunflower, linseed or tuna fish oil in the diet. Mcintosh and Oakeufull (1990) and Swierczewska et al. (1995) demonstrated a significant effect of the type of feed on thigh muscle cholesterol content, when comparing feeds containing oats, barley and rape seeds.
The fatty acid composition of the intramuscular fat of the breast and thigh muscles (Table 8 ) differed significantly (P<0.05) depending on the feed composition. The addition of rape seeds or sunflower oil decreased the proportion of saturated fatty acids in total fatty acids. Conversely, the addition of lard increased their proportion in both types of muscle. Rape seed had a favourable effect on the composition of polyunsaturated fatty acids, increasing the proportion of linolenic and linoleic acids. Feeding a mixture to which lard, by-product fat or sunflower oil had been added did not change the percentage contents of these two acids in the overall composition of unsaturated fats in intramuscular fat. Many authors have pointed to the favourable effects of rape seed on the composition of unsaturated fatty acids (Hulan, 1984; Nwokolo and Sim, 1989; Leeson and Summers, 1991; Ajuyah et al., 1991 Ajuyah et al., , 1993 .
Abdominal fat pad of chickens fed feeds containing sunflower oil or rape seeds (Table 9 ) contained more unsaturated (68.0%) and less saturated fatty acids (32.0%) and had a lower melting temperature than the fat of chickens fed diets with lard (64.5% unsaturated fatty acids and 35.5% saturated fatty acids, respectively). The acid value and peroxide value and the TBA index were also higher than in the fat of chickens fed diets with lard and by-product fat (Table  10) . These fats underwent hydrolytic and oxidative processes faster during refrigeration and freezing.
CONCLUSIONS
Among the studied fats, a four percent addition of lard to the feed mixture significantly increased the body weight of broilers during 7 weeks of fattening as compared with by-product fat, sunflower oil or whole rape seeds, while the dressing percentage was the best in the group receiving sunflower oil.
The type of fat added to isonitrogenous and isoenergetic diets did not affect the chemical composition of the meat. The addition of lard increased the water holding capacity of meat, and decreased thermal leakage, the addition of sunflower oil decreased the cholesterol content, while the addition of rape seeds raised the linolenic and linoleic acid contents in the breast and thigh muscles.
